ABSTRACT This study aimed to carry out a malaria situation analysis, species composition and susceptibility levels of the main malaria vector, Anopheles stephensi, to different insecticides in Bashagard. A longitudinal survey was conducted in 2 randomly selected villages in Bashagard. Malaria vectors were sampled by dipping method for the larvae and hand catch, night-biting catch, total catch, and shelter pit collection for the adults. Standard WHO susceptibility tests were used for a variety of insecticides on F1 progeny of An. stephensi reared from wild-caught females. In total, 693 adult anopheline mosquitoes and 839 third and fourth-instar larvae were collected and identified. They comprised 7 species; the most abundant adult and larvae anopheline mosquito was An. dthali (40.7% and 30.5% respectively). An. culicifacies (24.2%) and An. stephensi (16.7%) were the next most common species for adult mosquitoes. An. stephensi was fully susceptible to malathion and pyrethroid insecticides but resistant to DDT and tolerant to dieldrin. 
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Introduction
Malaria is still a major endemic disease in foci located in the south and south-east of the Islamic Republic of Iran. These areas include the provinces of Sistan and Baluchistan, Hormozgan and Kerman [1] . In this part of the country 6 anopheline mosquitoes are known to be the malaria vectors including: Anopheles culicifacies, An. stephensi, An. dthali, An. fluviatilis, An. superpictus and An. pulcherrimus [2] .
These south and south-east provinces have less than 5% of the Islamic Republic of Iran's total population, but more than 96% of the total incidence of malaria cases in the whole country with Plasmodium vivax and P. falciparum both being present [3] . Hormozgan province is highly endemic for malaria as it has 38% of all malaria cases reported in the country [3] . In this province approximately 625 cases of malaria were reported during 2009, 33% of which were reported in Bashagard district alone, although the district comprises only 2.2% of the total population of Hormozgan (Hormozgan Health Center, unpublished data, 2009). Geographical location, tropical climate and socioeconomic conditions make it an appropriate condition for occurrence and persistent transmission of malaria in this district.
Previous studies on anopheline mosquitoes have reported the presence of 12 species in Hormozgan province, at least 5 of which may be involved in malaria transmission [4] . An. stephensi is one of the main malaria vectors in the province [5] and insecticide resistance monitoring of An. stephensi has been carried out regularly. Resistance of An. stephensi to DDT, dieldrin and malathion was reported in 1957, 1960 and 1976 respectively [6] [7] [8] . Recent studies have shown that An. stephensi from Bandar Abbas region is the most resistant to DDT [9] . In addition An. stephensi has been reported resistant to DDT in Afghanistan, India, Pakistan, Iraq, Oman, United Arab Emirates and Saudi Arabia [10] . In the Islamic Republic of Iran, after the appearance of malathion resistance in An. stephensi, propoxur was substituted in 1978 and was used for the next 13 years [11] . In recent years, pyrethroids have been used for residual spraying in malaria control programmes. From 1990 till 2009, pyrethroid resistance monitoring showed that almost all tested An. stephensi were susceptible [12, 13] .
Studies conducted in various parts of the world have shown that the use of nets treated with insecticides is an effective tool against mosquito bites and in reducing morbidity and mortality due to malaria [14] . The Iranian National Malaria Control Programmes currently relies on strategies targeting mosquito vector control, which involve the use of long-lasting insecticidal nets (LLINs).
In Bashagard, which is severely affected by malaria, access to health services is limited and medication often inappropriate. Thus insecticide treated mosquito nets (ITNs) present an attractive option that can effectively complement the main malaria control strategy based on early diagnosis and prompt treatment [15] . Therefore Bashagard district was selected for the evaluation of LLINs in south of Iran.
However, before interventions are recommended for use in malaria vector control, data on the prevalence and susceptibility of the vector are needed. The objective of this pre-intervention study therefore was to assess the distribution of anopheline species, their composition and the susceptibility of An. stephensi in Bashagard district.
Methods
Study area
The study was conducted from July 2009 to July 2010 in Bashagard district. Annual parasite index (API) was 6.5/1000 in 2009 (Hormozgan Health Centre, unpublished data). The district is located 26°04ʹ-26°58ʹN latitude and 57°23ʹ-59°02ʹE longitude. Most of Bashagard is mountainous with deep valleys and steep slopes. The district has an area of 10 000 km 2 and a population of 31 293. Then majority of the population live on the hills and foot-hills and most houses are made of straw. The villages are scattered, thinly populated, difficult to approach and unreachable by road during floods. The socioeconomic condition of the villagers is poor and the people depend solely on husbandry of goats and other animals.
Selection of study villages
On the basis of available epidemiological data and average malaria incidence rate in Hormozgan health centre, 14 villages in 2 arms were selected for implementation of the use of LLINs. These villages were selected randomly in 2 clusters, and assigned to either LLIN or controls with untreated nets. Cluster 1 (LLINs) comprised 8 villages (population 1653) and cluster 2 (untreated net) had 6 villages (population 1554). A suitable village for entomological study was selected in each cluster; Tisur (58°15ʹN, 26°30ʹE; 840 metres above sea level) in cluster 1 and Daranar (58°23ʹN, 26°15ʹE; 420 metres above sea level) in cluster 2 ( Figure 1 ).
Mosquito collection
To study the anopheline mosquito fauna, sampling was carried out in 2 villages in Bashagard district. Monthly indoor pyrethrum space spray catches were performed early in the morning, in a total of 8 fixed human shelters (4 in the treatment and 4 in the control zone) before distribution of LLINs and the start of mosquito activity. In addition, adult mosquitoes resting indoors were collected between 07:00 and 08:00 using an aspirator and flashlight.
Attempts were also made to obtain adult mosquitoes by hand catch, nightbiting catch on donkeys, using aspirators, or by rearing immature stages collected in aquatic habitats. Larvae were collected from breeding places close to the adult collection sites using the standard dipping method [16] . All larvae were collected from a large variety of sun-exposed breeding sites such as seepages, streams, river banks, drying river beds and pools. The Anopheline larvae are often found in the vicinity of human dwellings, around each village. The larvae were preserved in lactophenol and the microscopic slides of the preserved larvae were prepared using Berlese medium. Both fourth instar larvae and adults were identified using the morphological characters standard key [17] .
Susceptibility to insecticides
Since An. stephensi is the main disease vector in the Hormozgan province, insecticide tests were performed only on this species. Susceptibility status to the insecticides was determined using the standard World Health Organization (WHO) method for adults [18] . Immature stages were collected from different aquatic habitats in Bashagard district and transported to a temporary insectary, fed with Bemax ® and then adults that emerged were tested. The tests were carried out on 2-3-day-old, sugar-fed adults. Batches of 25 fully sugar-fed females were exposed to a diagnostic dose of DDT 4%, dieldrin 0.4%, malathion 5%, permethrin 0.75%, deltamethrin 0.05%, lambda-cyhalothrin 0.05% and cyfluthrin 0.15%.
In the Islamic Republic of Iran, currently only pyrethroids are being applied in malaria vector control, but DDT and dieldrin were tested because they have been intensively used for vector control in the past. Moreover, they can be used for exploring cross-resistance with other insecticides, such as pyrethroids.
The exposure time to organophosphate and pyrethroid insecticides was 1 hour. To monitor the susceptibility status over time, the lethal time (LT 50 ) value of An. stephensi to DDT and dieldrin was determined using a log-probit regression line. Mosquitoes were exposed for different logarithmic times to discriminative doses of insecticide-impregnated papers. After exposure, mosquitoes were maintained at 25 ± 2 °C and 70%-80% relative humidity for 24 hours, supplied with 10% sugar solution and mortality was read after this 24 hour recovery period. All observed deaths at different time intervals were corrected using Abbott's formula when necessary [19] . LT 50 and LT 90 were determined using log-time and probit mortality regression [20] .
Results
Anopheles species composition and abundance
A total of 693 adult anopheline mosquitoes were collected during the study. (Figure 2 ). An. fluviatilis was the least abundant of the 7 species and found in the villages (Table 1 Table 2 .
Susceptibility
The susceptibility status of mosquito samples was determined according to WHO criteria: 98%-100% mortality indicates susceptibility, 80%-97% mortality indicates tolerance (requires confirmation of resistance with other methods) and < 80% mortality suggests resistance [21] .
The susceptibility tests indicated that the field strain of An. stephensi exhibited 100% mortality and was susceptible to malathion, permethrin, lambda-cyhalothrin, cyfluthrin and deltamethrin (Table 3 ).This strain exhibited resistance to DDT and tolerance to dieldrin; mortality rates for these 2 insecticides were 53% ± 2.05% and 86% ± 1.34% respectively. The LT 50 values of An. stephensi for DDT (4%) and dieldrin (0.4%) were 60.6 and 21.0 minutes respectively (Table  4) .
Due to appearance of dieldrin tolerance and DDT resistance in this species, it was decided to plot the dose mortality regression line. An. stephensi were exposed at 15, 30, 60,120 minutes to a diagnostic dose of DDT 4% and dieldrin 0.4% to obtain 5%-95% mortality ( Figure 3) .
Discussion
This is the first formal entomological investigations in Bashagard district which sought to understand the distribution and composition of anopheline species in this area. During the study 7 Anopheles species were identified. The anopheline fauna on which we report is consistent with previous findings for Hormozgan province [4] .
The anopheline mosquito in mountainous areas of Hormozgan province [23] .
The species is considered a secondary vector in some parts of southern Islamic Republic of Iran, especially in the mountainous areas of Hormozgan province [24] and in northern regions of Somalia and Saudi Arabia [25] . Among the secondary vectors, An. culicifacies is considered a potential vector since its role in malaria transmission has been reported from Sistan and Baluchistan province in the south-east of the country bordering Afghanistan and Pakistan. This species is largely responsible for an epidemic of malaria in this province [26] . An. culicifacies as malaria vector is widely distribution in the Asia and Indian subcontinent [27] . The relative abundance of An. culicifacies in the present study is high compared with those of other studies conducted in Hormozgan province [4] . Similar abundance has been reported for this species from Ghassreghand, the neighbouring district to Bashagard [28] .
Our data on An. stephensi agree with those of previous researchers, who have described this species being found together with An. fluviatilis, An. dthali, An. culicifacies, An. superpictus, An. turkhudi and An. mongolensis [29] .
Previous studies indicate that An. stephensi is a major malaria vector in Hormozgan province. Sporozoite rates of samples from the south of the Islamic Republic of Iran were reported to be between 0.2% and 1.8% [5] . An. stephensi is one of the most important malaria vectors in India, Pakistan, Afghanistan, Iraq and Arabian Peninsula [29] .
An. superpictus is known as a main malaria vector and the most widespread Anopheles species in the Islamic Republic of Iran. It is present in almost all parts of the country [7] . In our study, An. superpictus was collected from all the sites by different methods. This species has a broad geographical distribution in Asia, Europe and northern Africa, and evidence shows 
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Figure 2 Prevalence of anopheline mosquitoes in 2 villages (Tisur and Daranar) in Bashagard district
‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫الثامن‬ ‫املجلد‬ ‫العارش‬ ‫العدد‬ springs with or without vegetation, rainfall pits and coastal plains in other parts of Hormozgan province [32] . All species collected in our survey, except An. moghulensis and An. turkhudi, have been incriminated as malaria vectors in the Islamic Republic of Iran. How important this role might be will depend on their ability to achieve appreciable numbers, their host preference and their longevity.
As regards resistance, An. stephensi was resistant to DDT in Bashagard, tolerant to dieldrin but susceptible to all other insecticides. These finding confirm a previous study conducted in Hormozgan province [33] and another study conducted in Jiroft district, adjacent to Hormozgan province, which showed that this species was tolerant to DDT and dieldrin but susceptible to pyrethroid insecticides [12] . Studies of susceptibility tests on this species to insecticides in neighbouring countries showed resistance to DDT in Afghanistan, Pakistan, Iraq, that An. superpictus is a main malaria vector in these regions [30] .
An. fluviatilis was less abundant in the study area; only 11 females were captured in night-biting catch on donkeys. In a similar study carried out in the country, Naddaf et al. captured this species from outdoor habitats and on animal baits [31] . The low prevalence of An. fluviatilis might be attributed to the geography and environmental conditions of the district; this species mainly breeds in springs, pits around Oman, United Arab Emirates and Saudi Arabia [10] . An. stephensi is sufficiently endophilic and endophagic to come into contact with insecticide residue in houses and therefore insecticide resistance in this species can be explained by the widespread use of DDT housespraying applications in several districts of the country during the malaria eradication campaign in the 1950s. There is no report of cross-resistance between DDT and pyrethroid yet. However, recently there is an indication of pyrethroid resistance in An. stephensi in the adjacent area of the Hormozgan province [34] .
Conclusion
The success of vector control programmes is highly dependent on precise information about fauna and distribution of the anopheline mosquitoes that are involved in malaria transmission in the region. Identification of the vector species is required for the development of effective vector control strategy that is based principally on LLINs.
The current findings will help decision-making in the national malaria control programme, especially in the choice of insecticide to use during the next campaigns of LLINs in Bashagard district. Monitoring of pyrethroid resistant in the region is highly recommended. of this investigation. We also thank 
